The age dependency of urinary ribonuoleosides ' 993 J. Clin. Chem. Clin. Biochem. Vol. 24, 1986, pp. 993-999 © 1986 Summary: We investigated the urinary excretion of ribonucleosides and an unidentified substance in 345 healthy probands from the age of a few weeks to 40 years. The concentration of ribonucleosides, related to the corresponding concentration of creatinine, decreases until nearly 20 years and remains constant between 20 and 40 years. The polynomial functions describing this dependency are presented. The biological significance of our findings is briefly discussed. 
Introduction
they investigated only small grO ups. Schach et al. (l 3) It has been known for mäny years that degradation found "a narrow correlation between the excretion products of nucleic acids are excreted in urine. So of nucleobases and growth velocity". In this investifar, 50 purine and pyrimidine derivatives have been gation nucleosides were hydrolysed and analysed toidentified (for general feviews see 1. c. [1] [2] [3] .
gether with the native excreted bases.
The major nucleosides and bases released in the cata-We developed a new procedure which allows the bolism of nucleic acids are mainly reincorporated determination of ribonucleosides äs well äs nu-(salvage pathway) or metabolized. On the other hand, cleobases. Thus the aim of our work was to examine inany of the niodified ones, like pseüdouridine and the age-dependency of excretion of both substances methylated guaniiie derivatives (which have been äs a basis for diagnosis. In the present paper we found chiefly in tRNA) seem to be excreted coniple-present the results for the nucleoside analysis. tely (4, 5) . Chaiiges in the normal pattern of excretion were seen in tumour growth (6 -8) and disorders of metäbolism (9 -11) . Experimental -ribofuranoside was a gift from Prof. Schlimme, Kiel, GFR. Stock Solutions of the nucleosides were prepared in 0.1 mol/1 forraic acid (conccntration between 3.2 and 5.3 mmol/1). We purchased methanol. ammonium hydroxide, formic acid and ammonium dihydrogen phosphate (all of p. a. grade) from Merck, Darmstadt, GFR, and ammonium formate (pure) from Riedel de Haen, Hannover. Dowex 1X8 and Affi Gel 601 (Sigma, Munich) were used in the prefractionation step. Water was double distilled. All buffers were degassed and filtered through a 0.5 μηι membrane filter (HVLP 04700, Millipore, Bedford).
Samples
Single urines from 345 probands of 0 to 40 years of age (tab. 1) were collected and stored at -20 °C until analysis. The urines from adults were mainly supplied by the blood donor centre of the University hospital Hamburg-Eppendorf (volunteer urine given before the first blood donation). Infant urines were kindly supplied by the Forschungsinstitut f r Kinderern hrung, Dortmund, GFR. All probands were clinicaily healthy. The urines were screened for pH, protein, glucose, ketones, nitrite and erythrocytes (Labstix, Ames, Frankfurt). Samples with abnormal values were discarded.
To determine the urinary creatinine concentration, we used the Creatinine Analyser 2 (Beckman, Munich), and each sample was analysed in duplicate. Fig. 2 . Equipment for the HPLC analysis and processing of data.
Sample clean-up
The equipment and procedure for the sample clean-up, described in detail elsewhere (14, 15) , are depicted in figure 1 .
Briefly, the deproteinized urine is applied to column l (strong anion exchanger 
High performance liquid chromatography Equipment
The HPLC System consisted of a pump 740 B with pump control and pressure monitor (Spectra Physics, Darmstadt), an UV detector model 440 (Waters, K nigsstein), and an Integrator SP 4100 (Spectra Physics), controlling the autosampler (ASI 120; ABC, Munich). The stainless steel columns (Knauer, Berlin) were heated by an appropriate metal block in combination with a thermostat (model FK, Haake, Berlin).
Analytical conditions
Pseudouridine: Column 250 χ 4.6 mm, μBondapak C 18 (Waters), precolumn 50 χ 4.6 mm, Porasil 40 μ (Waters); mobile phase: 0.01 niol/1 NH 4 H 2 PO 4 with 1% MeOH; flow rate l ml/min; temperature 30 °C; detection at 254 nm, 0.05 absorbance units f ll scale; detector attenuation: 1024, sample volume: 50 μΐ.
Other nucleosides: Column s for Pseudouridine; mobile phase: 0.1 mol/l HCOONH 4 , adjusted to pH 5 with HCOOH; flow rate: 1.6 ml/min; temperature: 40 °C; detection at 254 nm, 0.02 absorbance units f ll scale; detector attenuation: 1024; sample volume: 500 μΐ.
Processing of data
The peak data (height and retention time) were transferred from the integrator to a PDP 11/34 Computer (Digital Equipment, Munich) s shown in figure 2 . The peaks were identified according to their retention time related to the internal Standard
The age dependency of urinary ribomicleosides tubercidine (window ± 3%) and quantified, using the internal Standard method, with respcct to the dilution factor and creatinine Icvel. In a similar way we calculatcd an s yet unidcntificd substance "S", assuming an imaginary conccntration in the calibration Standard. In prcliminary investigations the peaks were identified by co-chromatography of authcntic nucleosides in control urines.
The final values werc combincd in a data bank with probands' personal data to determinc dificrcnt groups for statistical analysis by deliberate selection critcria.
Wc used the method of interpolating cubical splinc function to caiculatc the curves for the conccntration of ribonuclcosides and creatinine versus age (17, 18) . The fitted curve for each compound was calculatcd s a polynomial of the 5th degrcc from l to 40 ycars.
The correlations in pairs. between the conccntration of ribonuclcosides in adults were calculatcd according to M ller et al.
(n
The rcquired programs were newly developed or thcy werc extensions from already existing program listings (SPSS program package, SPSS Corp., Chicago).
The systern was automated from the HPLC analysis to the statistical analysis of the obtaincd data.
Results
The recoveries of the nucleosides depicted in figure  3 The creatinine-related conccntrations of ribonucleosides and "S" in urines of adults are summarizcd in table 2. In no case was the slopc of the regression lines (concentration versus age, calculated for each compound separately for females and malcs) different from zero between l and 40 years, thus indicating constancy of the urinary conccntrations in adults. Furthermorc, the values were normally distributcd in both sexes. The crcatinine-related concentrations of C, A, m 2 2 G, Ψ, and "S" scem higher in women, but these differenccs were confirmed only for the last three substances (Sludenfs t-tcst, significance level of 1%). Since the differences are very small, the values in females and males are considered together in the following calculations.
The concentrations of some ribonucleosides are correlated in pairs in adults. Relatively high correlations (r > 0.6) were found for the pairs Ψ/πι Up to about 20 years of age, the urinary creatininerelated concentrations of ribonucleosides and the unknown substaiice "S" are age-dependent. They are much higher in infants than in adults (about 3-fold at one year compared with adults), decreasing rapidly in the first decade and only slowly thereafter (fig. 4) Since the Variation of the creatinine-related nucleoside concentration is relatively high during the first year of life, these values have been excluded from the curve fitting. The rounded arguments a 0 to as of the polynomial of the 5th degree are summarized in table 4. Figure 5 shows the fitted curves, expressed as the fraction of the function value of infants. The curves of the ribonucleosides as well of the unidentified substance "S" are nearly coincident, thus indicating an unchanged excretion pattern throughout development. The fitted curves of the concentration of creatinine and pseudouridine (as example for the remaining nucleosides) in the analysed urines, expressed as the fraction of function value at one year of life, are depicted in figure 6 . The creatinine level in adults is about six times higher than in one year old toddlers and it increases especially during the first decade. The pseudouridine concentration increases only twice as much and reaches a plateau between 10 and 15 years oflife.
Discussion
We examined the urinary excretion of major and modified ribonucleosides and an as yet unidentified substance "S" from 345 healthy probands of different ages. The data should supply basic Information for investigations on the excretion of RNA degradation products for diagnostic purposes.
Earlier investigations have shown that creatinine, a measure of muscular mass (19) , is a reliable baseline for the quantitative determination of RNA breakdown products in urine, as the relation between RNA catabolite and creatinine concentration in spot samples is very similar to that in 24-h urines (6, 20) . One has to consider, however, that certain dietary regimens and pharmaceuticals influence the excretion of creatinine (19, 21) , and that some pharmaceuticals can interfere with the determination of this compound (22) .
The creatinine-related urinary concentration of nucleosides and the unidentified substance were found to be constant in adults (aged 20 to 40 years). Our data correlate quite well with data of other groups (20, 23, 24) . We cannot exclude the possibility that the nucleoside-creatinine ratio is influenced by the lower creatinine excretion in older people (25, 26) . Results of Rasmuson et al. (27) seem to disprove this supposition, whereas Tritsch et al. found higher (about 3-fold) pseudouridine/creatinine values in older adults than in younger ones (28).
Like Speer et al. (23) we found slightly higher values for some nucleosides in women, which contradicts the fmdings of other groups (27, 29) . So it is not clear whether sex-dependent differences indeed exist.
In children and adolescents the creatinine-related concentration of nucleosides is obviously age-dependent. Hovvever the decrease of concentration is not linear äs Heldman et al. (12) suspected, but can be described for each compound to a good approximation by a polynomial of 5th degree. The curves were calculated using the cubical spline function to get straight fitted curves without a fixed mathematical model, and to assure a sensible adjustment procedure for course deviations. In contrast to earlier investigations on the excretion of nucleobases, and despite higher case numbers, we observed no increase of the creatinine-related nucleoside concentration in puberty ( fig. 4 ). The dynamics observed by Schach et al. (13) may be caused by the native excreted nucleobases, which were determined together with the hydrolysed nucleosides. However this seems less probable, since the course of N 2 ,N 2 -dimethylguanosine equals that of the other nucleosides ( fig. 5 ). So far, we have been unable to detect the corresponding base in any urine (unpublished results).
The courses of the creatinine-related concentration of the investigated nucleosides during development are nearly coincident ( fig. 5 ). This suggests an unchanged excretion pattern throughout childhood and adulthood. According to observations of Sander et al. (30) , this is also true of preterm infants, which contradicts earlier fmdings of a deviant nucleobase pattern during the first months of life (6).
As shown above, the concentrations of some ribonucleosides are relatively highly correlated in pairs. Consecutively we can describe not only an univariate but also a multivariate normal ränge. The usefulness of such a procedure for diagnostic purposes has been demonstrated by Müller et al. (7) . Based on the calculated polynomials we are able now to ascertain any shift between nucleoside and creatinine excretion and also pathological changes in nucleoside excretion pattern caused by tumour growth or other diseases in infants äs well in adults (Müller-Wickop et al., in preparation) . Only two milliliters of urinary spot samples are needed for this purpose.
To Interpret the age-dependent dynamic of the creatinine-related urinary ribonucleoside concentration we have calculated the curves of the underlying creatinine and pseudouridine concentratjon (representative for the remaining ribonucleosides) in the analysed urines. As shown in figure 6 , the course of the concentration of both substances versus age is quite different. Whereas the creatinine concentration increases about 6-fold, the nucleoside concentration increases only two-fold from the first year to adulthood. This suggests a higher metabolism of ribonucleic acids in infants related to the muscular mass. Based on literature data concerning the creatinine output per body mass, Sander et al. (31) calculatecl that metabolism in preterm infants is about 2-4 times higher than in adults.
The overall RNA metabolism, however, can be determ ined correctly only by measurement of the RNA catabolites in 24 h urines. It seems to be remarkable that the daily creatinine Output appears about 3-4 fold higher in adults than in infants (32, 33) . On the other hand, the creatinine-related. nucleoside concentration is about 3-fold higher in infants than in adults, äs shown above. So we can assume that the daily excretion of RNA catabolites is not very different in both groups. This supposition however remains to be proved.
